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Abstract Domestic electronic water meters are installed by water meter utility companies to 
accurately measure household water usage for billing purposes, progressing from simple 
electromechanical systems to state-of-the art volumetric electronic smart meters with RF radio 
transmission, remote reading, and automatic billing capability. The motivation for this work is 
to replace, or increase the lifetime of, the on-board lithium-ion battery installed in electronic 
water meters with a thermoelectric energy harvesting solution to create a business advantage. 
Practical field experiments at several different water meter installations in the UK, USA, and 
Australia have demonstrated a temperature difference can exist between the top-side and bottom-
side of a water meter, and between several different areas of the meter and the surrounding air. 
This temperature difference can be harnessed to generate electrical power using 
thermoelectricity. A prototype thermoelectric water meter energy harvesting system has been 
designed, and experiments demonstrate the system will operate when a temperature difference 
is present across the thermoelectric module, giving an output voltage of 3.7V to power the water 
meter electronics directly or to provide a charge current for the existing lithium-ion battery to 
increase its lifetime. The work concludes it is feasible, although still challenging, to develop a 
solution for a novel thermoelectric powered water meter. Further work is required to address the 
commercial challenges that exist, develop and optimise the prototype solution into a production 
ready prototype, and conduct further tests using a standard UK domestic water profile at a UK 
water meter test site. 
1.  Introduction 
Residential or domestic water meters are installed by water meter utility companies to accurately 
measure household water usage for billing purposes, and it has become increasingly common for water 
meters to be compulsory for residential users. In the past the UK, like many other countries, did not 
directly measure domestic household water usage. A fixed yearly charge was levied by utility companies 
independent of water consumption. The UK has moved over time to direct water metering and billing 
for domestic water use, and now all new-build houses will typically have a water meter fitted and 
households are billed for measured water usage rather than a standing charge. Over time, the majority 
of UK households will eventually use a domestic water meter for measurement and billing purposes [1]. 
There are a variety of different types of domestic water meters, ranging from relatively simple 
electromechanical systems, to state-of-the art volumetric electronic smart meters with RF radio 
transmission, remote reading, and automatic billing capability [2-3]. 
The motivation for this work is to replace, or increase the lifetime of, the on-board lithium-ion battery 
installed in electronic water meters with a thermoelectric energy harvesting system. An electronic water 
meter will typically use an internal 3.6V lithium-ion battery, which has a quoted operational lifetime of 
10 years [3]. Removing this 3.6V battery from the water meter or increasing the batteries lifetime beyond 
 
 
 
 
 
 
10 years creates a business advantage. A literature search into self-powered water meters or water meter 
energy harvesting highlights some published work in this area, often using an in-line water turbine to 
harness water flow to generate electrical power using magnetic effects, the exploitation of vibration 
using piezoelectricity, and limited work into the use of temperature difference via thermoelectricity, 
however, commercially available electronic and smart water meters are still reliant on the use of internal 
batteries as a power source rather than use of energy harvesting technologies [4-9]. 
The objective of this work is to identify the feasibility of rapidly introducing thermoelectric power 
generation energy harvesting techniques to commercially available residential electronic water meters. 
Analysis of a sample of residential electronic water meter power requirements highlights in normal 
operation, without any radio transmission, an electronic water meter draws a supply current of around 
12A. For meters with RF transmission capability, a one-way 25mW radio transmission function draws 
46mA when transmitting, and between 20A to 25A when not transmitting. Similarly, for water meters 
that incorporate a two-way radio transmission, the radio transmits once per day at 50mA, receives a read 
request once per day at 18mA, and has a radio seek function which causes an 18mA peak current for 
1mS each second. The meter draws between 20A to 25A when not transmitting. It is feasible for an 
electronic water meter without radio transmission to be continuously powered using a thermoelectric 
energy harvesting system as the current drawn is relatively low. However, for meters which incorporate 
a one-way, and in particular, a two-way radio frequency transmission, the thermoelectric energy 
harvesting system may be best suited to provide a charge current to the existing on-board lithium-ion 
3.6V battery, extending the lifetime of the battery, rather than to remove and directly replace the battery. 
2.  Background thermoelectric and energy harvesting theory 
Thermoelectricity utilizes naturally occurring or man-made temperature gradients and temperature 
differences to generate electrical power. Unfortunately, the amount of useful power generated is often 
very low and in the milli-watt (mW) to watt (W) range, and this has been a barrier to widespread 
commercial application. Parallel advances in energy storage using electric double layer capacitors, often 
referred to as supercapacitors, and low power boost and DC to DC converters has enabled practical 
thermoelectric energy harvesting systems to be realized and become commercially viable [10]. This 
section provides the main theoretical background into thermoelectric power generation and energy 
harvesting systems necessary to apply this technique to electronic water meter applications. 
2.1.  Thermoelectric power generation 
A single thermoelectric module can generate a small amount of electrical power if a temperature 
difference is maintained between two sides of the module. Normally, one side of the module is attached 
to a heat source and is referred to as the ‘hot’ side or TH, the other side of the module is attached to a 
heat sink and is called the ‘cold’ side or TC. The heat sink is used to create and maintain a temperature 
difference between the hot and cold sides of the module. If a resistive load RL is connected across the 
module’s output terminals, electrical power will be generated at the load when a temperature difference 
exists between the hot and cold sides of the module due to the Seebeck effect [10]. A schematic diagram 
of a thermoelectric module, operating as a thermoelectric power generator, is shown in figure 1. 
 
 
 
 
 
 
 
 
  
Figure 1. A thermoelectric module configured to operate as a thermoelectric generator [10]. 
 
Thermoelectric modules contain several individual thermoelectric couples connected together 
electrically in series and thermally in parallel, and these couples are constructed from two ‘pellets’ of 
semiconductor material usually made from Bismuth Telluride (Bi2Te3), as this material has been found 
to show the most pronounced thermoelectric effects around room temperature. One of these pellets is 
doped with acceptor impurity to create a P-type pellet, the other is doped with donor impurity to produce 
an N-type pellet. The two pellets are physically linked together on one side, usually with a small strip 
of copper, and mounted between two ceramic outer plates that provide electrical isolation and structural 
integrity. If a temperature difference is maintained between two sides of a thermoelectric couple, thermal 
energy will move through the p-type and n-type pellets, and because these pellets are electrically 
conductive, charge carries are transported by this heat. This movement of heat and charge carriers 
creates an electrical voltage called the Seebeck voltage. A single thermoelectric couple is generally of 
limited practical use, as the rate of useful power generated due to the Seebeck effect is very small. 
Practical thermoelectric modules are constructed with several of these thermoelectric couples connected 
electrically in series and thermally in parallel, with modules typically containing a minimum of three 
thermoelectric couples, rising to one hundred and twenty-seven couples for larger devices [10]. 
2.2.  Thermoelectric energy harvesting 
Thermoelectric power generation systems have typically needed to have a very high temperature 
gradient across the thermoelectric module(s) in order to achieve a useful electrical power output. This 
limitation has been a barrier to the successful application of this technology for power generation, and 
limited the technologies use to mainly niche applications. However, with parallel developments in the 
area of electrical energy storage in supercapacitors, and low power DC to DC converters and boost 
converters, thermoelectric energy harvesting systems can now operate from very low temperature 
gradients of around 1C and be able to output useful power levels. This was previously very difficult to 
achieve and would have required several thermoelectric modules to be connected electrically in series,  
increasing the overall system weight, size, and cost, and would only achieve relatively small levels of 
power generation unless a significant temperature gradient could be maintained across the modules.   
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The thermoelectric output voltage generated by a thermoelectric module can be boosted to a useful 
and stable level by using a low power boost converter and DC to DC converter. If the electrical power 
output from the converter is then accumulated and stored for future use in a supercapacitor, it is possible 
to increase the potential output current of the system. A simplified block diagram of a thermoelectric 
energy harvesting system is shown in figure 2, highlighting the six main stages, with the energy stored 
in the supercapacitor accumulated over time and released to the load when required. 
Similar to other energy harvesting technologies, the duty cycle of the electrical load is a critical factor 
in determining the design of a thermoelectric energy harvesting system, as the output power of a single 
thermoelectric module is often too low to power other electrical and electronic components directly 
unless a significant temperature difference or gradient is available, or several thermoelectric modules 
are connected together electrically in series. The use of temporary electrical storage in supercapacitors 
leads to a focus on the duty cycle of the load, as it is necessary to ensure the capacitor can be recharged 
before the load becomes active to ensure repeatable and reliable operation [10-11]. 
 
 
 
 
Figure 2. Simplified thermoelectric energy harvesting block diagram [10-11]. 
2.3.  Low power boost converter and DC to DC converter 
The electrical power generated by a thermoelectric module can be boosted to a useful level by using a 
DC energy harvesting circuit, shown in figure 3, based around a Linear Technology LTC3108 step-up 
DC to DC converter. The LTC3108 uses a boost converter, in the form of an external 1:100 step-up 
transformer, an internal MOSFET and associated circuitry within the converter to increase the voltage 
from the thermoelectric module. The frequency of oscillation is determined by the inductance of the 
transformer secondary winding and is typically in the range of 10kHz to 100kHz. The AC voltage that 
is developed on the secondary winding of the transformer is boosted and rectified using the internal 
rectifiers within the converter and an external charge pump capacitor C1 of 1nF. The converter itself is 
powered from the input voltage supplied by the thermoelectric module, and the output of the converter, 
which is configurable, has been set to 3.7V. The converter operates at very low input voltages of 20mV, 
which can be achieved when a 1C or higher temperature difference exists between the ‘hot’ and ‘cold’ 
sides of the thermoelectric module [12]. 
 
  
Figure 3. Thermoelectric energy harvesting circuit [10-11]. 
 
 
 
 
 
 
2.4.  Practical test results – Thermoelectric energy harvesting system 
For practical test purposes, a medium sized 71-couple 30mm x 30mm x 3.8mm thermoelectric module 
has been mounted in-between a heat source and a heat sink, with the hot side of the module Th attached 
to the heat source and the cold side of the module Tc attached to a small heat sink measuring 60mm x 
60mm x 16mm. The heat source can be set to lower the temperature of the hot side of the module below 
ambient temperature in 1C steps, creating a negative temperature gradient between the hot and cold 
sides of the thermoelectric module, as the cold side of the thermoelectric module and heat sink assembly 
is approximately maintained at ambient temperature. The use of a negative temperature gradient is due 
to the findings of field experiments at water meter installations in the UK, USA, and Australia, which 
demonstrated a negative temperature difference below ambient conditions can exist at different areas of 
the water meter when water is passing through the meter during the flow measurement process and is 
discussed further in section 3. The thermoelectric module output terminals are connected to the input of 
the low power boost converter and DC to DC converter and needs to output in excess of 20mV for the 
converter to operate, which is achieved when the temperature gradient across the module is greater than 
1C, and the dashed-line box in figure 4 highlights the region where the thermoelectric module output 
voltage is sufficient to drive the converter. Similarly, figure 5 demonstrates that with a temperature 
difference across the module of greater than 1C, the converter outputs a capacitor charge voltage Vchrg 
of 3.7V, and a capacitor charge current Ichrg starting at 15µA, rising to around 200µA as the temperature 
difference across the module increases. It should be noted the capacitor charge current is not only 
dependent on the temperature gradient across the module but also on the state-of-charge of the capacitor. 
 
 
 
Figure 4. Thermoelectric module output voltage Vout with a temperature difference T of between 0C 
to 13C below ambient of 22C using a 71-couple 30mm x 30mm x 3.8mm thermoelectric module.  
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Figure 5. The capacitor charge voltage and current (DC to DC boost converter output voltage and 
current) Vchrg and Ichrg with a temperature difference T of between 0C to 13C below ambient of 
22C using a 71-couple 30mm x 30mm x 3.8mm thermoelectric module. 
3.  Application of thermoelectric energy harvesting to electronic water meters 
The principle of thermoelectric energy harvesting, described in section 2, has been applied to an Elster 
V200 series volumetric electronic water meter. This type of water meter represents the forefront of 
electronic smart meters, with optional RF radio transmission, remote reading, and automatic billing 
capability, and is often installed in UK water meter installations [3]. 
3.1.  Design concept 
Temperature measurement experiments conducted at water meter installations in the UK, USA, and 
Australia has identified a negative temperature difference can exist between the top-side and bottom-
side of the water meter. The most likely cause of this temperature difference is the lower temperature of 
the flowing water in the bottom-side of the meter, as the top-side of the meter is isolated from this water, 
and water only flows through the bottom of the meter during the water flow measurement process, 
therefore no flowing water comes into direct contact with the inside of the top-part of the meter, as 
shown in figure 6. In practical meter installations, it is necessary for the top-side of the meter to be able 
to freely rotate 360 degrees to maintain the ability to visually read the meter display from any desired 
angle, therefore the most practical area to mount the thermoelectric module is on the bottom-side of the 
water meter, shown in figure 7. In this configuration, if the temperature difference between the bottom-
side of the water meter, and therefore the hot side of the thermoelectric module Th, and the cold side of 
the module Tc mounted onto a heatsink is greater than 1C the thermoelectric module will generate a 
closed-circuit output voltage in excess of 20mV. The thermoelectric module generator output terminals 
are connected to the converter PCB, which can be located inside the water meter housing along with the 
other electronic meter circuitry. When the output voltage of the thermoelectric module is greater than 
20mV, the boost converter and DC to DC converter increases the output voltage to 3.7V with a charge 
current of around 15A, up to a maximum of 4.5mA with higher levels of temperature gradient present 
across the thermoelectric module/water meter. The maximum output current limit of 4.5mA is 
determined by the LTC3108 converter design. The output power from the converter could be used to 
power the water meter electronics directly if the current output is sufficient, or to charge a supercapacitor 
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which, once fully charged, can supply 3.7V at the required load current to the water meter electronics, 
removing the existing 3.6V lithium-ion battery or to provide a charge current to the battery to increase 
lifetime. The overall solution is shown as a system block diagram in figure 8.  
 
 
 
Figure 6. Temperature difference exists between top-side and bottom-side of water meter due to the 
lower temperature of the water flowing through only the bottom section of the water meter. 
 
 
 
 
Figure 7. Thermoelectric module and heatsink mounted onto bottom-side of the water meter. 
 
 
 
 
Figure 8. Water meter thermoelectric energy harvesting system block diagram. 
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3.2.  Practical test results – Thermoelectric water meter energy harvesting prototype 
A medium sized 71-couple 30mm x 30mm x 3.8mm thermoelectric module has been connected as 
shown in figure 7, with the hot side Th of the thermoelectric module mounted onto the bottom-side of 
the water meter, and the cold side Tc of the module attached to a small heat sink measuring 60mm x 
60mm x 16mm. A Grant TX150 scientific water bath/pump with controllable water temperature has 
been attached to the water meter inlet and outlet connections to enable the circulating water temperature 
through the meter to be varied and controlled. The water bath/pump temperature has been varied from 
ambient conditions of around 25C to 5C in 1C steps every 5 minutes, with the temperature of the 
thermoelectric module Th and Tc,  ambient temperature, capacitor charge voltage Vchrg and charge current 
Ichrg measured as shown in figure 9 and figure 10 respectively. Figure 9 highlights the temperature 
gradient across the thermoelectric module increases as the water temperature passing through the water 
meter decreases. This is as expected, as the hot side of the thermoelectric module Th is in direct contact 
with the outer casing of the water meter. When the temperature of the water has reached 17C, 
approximately 8C below ambient conditions, the boost and DC to DC converter begins to operate, 
indicated by the dashed-line box in figure 9, and the converter outputs an open circuit voltage of 3.7V. 
Figure 10 demonstrates the converter output when connected to a 1F storage supercapacitor, highlighting 
a capacitor charge voltage of 3.7V and charge current starting from approximately 2µA rising to 40µA 
as the temperature of the circulating water through the water meter decreases, increasing the temperature 
gradient across the thermoelectric module. It should be noted the capacitor charge current is not only 
dependent on the temperature gradient across the module but also on the state-of-charge of the capacitor. 
  
 
 
 
Figure 9. Temperature of the hot and cold sides of the thermoelectric module when the circulating 
water temperature through the water meter is varied from 25C to 5C in 1C steps every 5 minutes. 
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Figure 10. DC to DC converter output and 1F supercapacitor charge voltage Vchrg and charge current 
Ichrg when the circulating water temperature through the water meter is varied from 25C to 5C in 1C 
steps every 5 minutes. 
4.  Discussion 
The motivation for this work is to replace, or increase the lifetime of, the on-board lithium-ion battery 
installed in electronic water meters with a thermoelectric energy harvesting solution to create a business 
advantage. Analysis of the power requirements of electronic water meters highlights the power 
consumption of the RF radio transmission as a critical factor. Electronic water meters without any radio 
transmission draw only a small amount of current, and it is feasible for the thermoelectric energy 
harvesting system to directly power this type of meter. For meters with RF transmission capability, a 
one-way, and in particular a two-way radio transmission function is technically challenging, the 
thermoelectric energy harvesting system is best suited to provide a charge current to the existing on-
board lithium-ion 3.6V battery, extending the lifetime of the battery rather than direct replacement. 
It has been established that a temperature difference can exist between the top-side and bottom-side 
of a water meter, and between several different areas of the water meter and the surrounding ambient 
air, most likely caused by the temperature of the flowing water passing through the water meter. A 
prototype water meter thermoelectric energy harvesting system has been designed, with a single 71-
couple thermoelectric module and heatsink mounted onto the bottom-side of the water meter. The output 
terminals of the thermoelectric module are connected to a low power boost and DC to DC converter and 
storage supercapacitor. It has been demonstrated that a temperature difference of greater than 2.9C 
across the thermoelectric module, which occurs with a flowing water temperature through the water 
meter of 8C below ambient temperature, enables the DC to DC converter output to become active and 
output a voltage of 3.7V and a capacitor charge current of 2µA, rising to 40µA with higher levels of 
temperature difference present across the thermoelectric module/water meter. The electrical power 
generated by the system can be used to provide a charge current to the existing water meter 3.6V lithium-
ion battery to increase its lifetime in meters equipped with RF radio transmission, or potentially, to 
remove the existing 3.6V battery entirely in electronic water meters without radio transmission. Overall, 
it is feasible to develop a thermoelectric powered electronic water meter, although several commercial 
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and technical factors need to be further developed and addressed. Further work is required to optimize 
the prototype into a production ready prototype, reduce costs, practically demonstrate the thermoelectric 
water meter energy harvesting system directly powering the water meter electronics or the on-board 
battery, and conduct further validation tests using a standard UK domestic water profile at a UK water 
meter installation. 
5.  Conclusions 
Electronic water meters are installed by water meter utility companies to accurately measure household 
water usage for billing purposes, with the motivation of this work to replace, or increase the lifetime of, 
the on-board lithium-ion battery using a thermoelectric energy harvesting solution. Practical field 
experiments at different water meter installations in the UK, USA, and Australia has demonstrated a 
temperature difference can exist between the top-side and bottom-side of a water meter, and between 
several different areas of the meter and the surrounding air which can be harnessed to generate electrical 
power using thermoelectricity. A prototype thermoelectric water meter energy harvesting system has 
been designed, and experiments demonstrate the system will operate when a temperature difference 
greater than 2.9C is present across the thermoelectric module, giving an output voltage of 3.7V to 
power the water meter electronics directly or to provide a charge current to the existing lithium-ion 
battery to increase its lifetime. The work concludes it is feasible, although still challenging, to develop 
a solution for a novel thermoelectric powered water meter, acknowledging that several commercial 
factors need to be addressed. Further work is required to develop and optimize the prototype solution 
into a production ready prototype, reduce costs, and conduct further tests using a standard UK domestic 
water profile at a UK water meter installation. 
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